Objective: In palliative care hospitals in Japan, mechanical bathing is conducted to maintain cleanliness. However, the physiological and psychological influence of mechanical bathing on patients has not been sufficiently studied. The objective of this study was to assess, using physiological and psychological indices, the effects of mechanical bathing care for patients in the terminal stage of cancer. Methods: Mechanical bathing was performed using a Marine Court SB7000 in a supine or semiseated position. The heart rate variability analysis method was used to measure autonomic nervous system function. The patients' state of anxiety was assessed using the State-Trait Anxiety Inventory (STAI), a psychological index, and patients' verbal responses were also collected after mechanical bathing. Results: Twenty-four patients were enrolled in this study. Their sympathetic and parasympathetic nervous activity did not differ before and after bathing. A significant difference was found between pre-and post-bathing anxiety, as evaluated by STAI (P < 0.0001). In the patient's verbal responses that was collected, the most frequently mentioned descriptors were 'comfortable' and 'relaxed'. Patients were more relaxed after mechanical bathing according to STAI evaluation and their verbal responses. Conclusions: The findings suggest that the method of bathing used in this study is safe and painrelieving for terminal stage cancer patients. It is thus possible to provide safe and comfortable care for terminal stage cancer patients using mechanical baths.
Introduction
In palliative care, patients have a comprehensive set of needs, including not only physical but also mental, social and spiritual needs (1) . Nurses play a major role in palliative care by acknowledging these needs and providing cancer patients with the necessary care. Among the palliative care required to prepare for daily life, maintenance of cleanliness is a safe and comfortable service that fulfills patient needs. For terminal stage patients in particular, maintaining cleanliness alleviates physical, mental, social and spiritual pain, resulting in the alleviation of overall pain (2, 3) . Palliative care to maintain cleanliness includes full-body wiping, partial-body wiping and bathing. Bathing is particularly closely related to the way of life for Japanese (5) , and is an important service even for terminal stage cancer patients with a limited life expectancy prognosis (6) (7) (8) (9) . However, only a limited number of reports evaluate bathing scientifically, and these are based on healthy volunteers rather than cancer patients (10) (11) (12) (13) . In palliative care hospitals and hospice wards, mechanical bathing is conducted to maintain cleanliness; similarly, in the palliative care wards of our institution, more than 80% of hospital inpatients wanted mechanical bathing. However, the physiological and psychological influence of mechanical bathing on patients in the terminal stage of cancer has not been sufficiently studied. Mechanical bathing provides (a) thermal action, (b) refreshment effect, (c) maintenance of cleanliness, (d) resting hydraulic pressure action and (e) buoyant action (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . We hypothesized that mechanical bathing for terminal cancer patients would be safe (i.e., maintain stable vital signs), relax the patient and stimulate parasympathetic nervous system activity. Clarifying the physiological and psychological effects and safety of mechanical bathing for terminal stage cancer patients would confirm its use as a safe and comfortable care service for such patients. Therefore, the objective of this study was to assess mechanical bathing care provided to terminal stage cancer patients using physiological and psychological indices.
Methods

Patients and bathing
Patients admitted to the Palliative Care Hospital of Kyoto Prefectural University of Medicine were recruited between 1 August 2016 and 31 January 2017. The inclusion criteria were patients older than 20 years in the terminal stage of cancer. The exclusion criteria were patients with mental illness, dementia, and consciousness disorders. Mechanical bathing was performed using a Marine Court SB7000 (Amano, Iwata, Japan) in a supine or semi-seated position. The water temperature was 41°C and the bath duration was~5 min. The temperature of the preparation room for mechanical bathing was set at 26 ± 2°C. The patient drank a cup of water before and after bathing to prevent dehydration.
Data collection
The heart rate variability analysis method was used to measure autonomic nervous system function (14) . Heart rate, blood pressure and autonomic nervous activity were measured. For the autonomic reflex orthostatic tolerance test, electrocardiogram measurements were taken in a supine position for 2 min, in a semi-seated position for 2 min, and again in a supine position for 1 min. Real-time analysis was performed using heart rate variability analysis software by Crosswell Co., Inc. (Yokohama, Japan) (15, 16) . Coefficients of variation of R-R intervals (CVRR) obtained from the electrocardiogram were divided into high-frequency (HF) and low-frequency (LF) components using power spectrum analysis so as to evaluate autonomic nervous activity. Coefficients of component variance for LF/HF (CCVL/H) reflect sympathetic nervous activity; coefficients of component variance for HF (CCVHF) reflect the parasympathetic nervous system index and CVRR reflect the variability of overall autonomic nervous system activity. ΔCCVL/H was used to indicate sympathetic nervous system function change and ΔCCVHF to indicate parasympathetic nervous system function change in the semiseated position. ΔCVRR was used to indicate the overall response of autonomic nervous system change in the semi-seated position. Change in heart rate (ΔHR) was used to indicate the heart rate change in the semi-seated position. The patient's state of anxiety was assessed using the State-Trait Anxiety Inventory (STAI) (Saccess Bell, Edajima, Japan) psychological index. Physiological and psychological data were collected within 30 min pre-and post-bathing. Data regarding several descriptive factors were collected by reviewing medical and nursing records, including patient age, gender, disease name, stage and Eastern Cooperative Oncology Group (ECOG) Performance Status (PS); the verbal responses of the patient after mechanical bathing were also collected. Figure 1 illustrates the study design and flow of experimental intervention.
Statistical analysis
The differences between each parameter pre-and post-bathing were analyzed using a Wilcoxon signed rank test. We compared groups using hazard ratios and 95% confidence intervals (CI) obtained from a logistic regression model with respect to variables assessed by both univariate and multivariate analyses. Overall survival (OS) was calculated from the date of mechanical bathing evaluation to the date of death. The Kaplan-Meier method was used to estimate survival and a log-rank test was used to test the differences between groups. The two-tailed significance was set at P < 0.05. All statistical analyses were performed using JMP version 10 software (SAS Institute, Inc., Tokyo, Japan).
Ethical considerations
This study received ethical approval from the Institutional Review Board of the Kyoto Prefectural University of Medicine (notice number of determination: ERB-E-299, 2015). The suitability of each patient to receive mechanical bathing was evaluated during palliative care hospital meetings, which were held every morning. The patients received an information sheet that explained the study's purpose and methods, and were given verbal assurance that participation was voluntary and that their personal information would be kept confidential during and after the study. Written informed consent was obtained from the patients who participated in this study.
Results
Patient characteristics
We initially invited 24 patients to participate in this study. One patient refused the proposal; three patients did not receive mechanical bathing due to deterioration in their physical condition prior to the start of the study. A total of 20 patients received mechanical bathing for this study. Physiological data were obtained from all 20 patients; state anxiety was evaluated in 16 patients, and trait anxiety was evaluated in 17 patients. The baseline characteristics are shown in Table 1 . The average age of patients was 72 years (range: 48-87).
Eleven patients (55%) were male, and nine (45%) were female. The PS during study inclusion was III in 16 (80%) cases and IV in 4 (20%) cases. The TNM stage was IV in all patients. Three patients each (15%) had lung cancer, gastric cancer and hepatocellular/gallbladder cancer; two patients each (10%) had pancreatic cancer and prostate cancer; one patient each (5%) had pharyngeal cancer, breast cancer, renal cell cancer, colon cancer, malignant melanoma, malignant peripheral nerve sheath tumor and cancer of unknown origin, respectively.
Physiological evaluation
The result of the pre-and post-bathing physiological state evaluation is shown in Table 2 . Body temperature, systolic blood pressure, diastolic blood pressure, heart rate, autonomic nervous system activity (CVRR), parasympathetic nervous system activity (CCVHF), sympathetic nervous system activity (CCVL/H), ΔCVRR, ΔCCVHF and ΔCCVL/H did not differ before and after bathing. A trend emerged where post-bathing heart rate was lower compared to prebathing heart rate (P = 0.0701).
Psychological evaluation
The result of evaluation of pre-bathing trait anxiety using STAI is shown in Table 3A . According to STAI, trait anxiety was grouped Table 3B . In all cases, a significant difference was found between the pre-and post-bathing conditions (P < 0.0001).
Patients' verbal responses after mechanical bathing
When reviewing medical and nursing records to extract subjective and objective data, we found that all 20 participants responded verbally after receiving mechanical bathing (response rate 100%) ( Table 4) . We extracted subjective information (n = 12) from 25 descriptive responses and objective information (n = 16) from 16 descriptive responses. Descriptive data were sorted by similarity in meaning. The descriptive data are indicated by " " and the category by ' '. In the subjective information, the most frequently mentioned descriptor was 'comfortable,' found in 11 cases, such as 'I was comfortable and it seems to be a habit'; followed by 'easy,' found in five cases, such as 'I was not tired after the shower'; then by 'I liked the mechanical bathing,' such as 'I want it again and I liked it.' Descriptors found most frequent in the objective information were 'relaxed,' found in five cases, such as 'relaxed after bathing'; followed by 'I felt exhilarated,' found in three cases, and 'dullness was reduced,' found in three cases. When checking intention to undergo mechanical bathing again after the first experience, we found that all patients wanted to continue the service.
Physiological evaluation and survival time
Nineteen patients were deceased at the time of evaluation, and one patient was transferred to another hospital. The median OS was 22 days (95% CI, 13-47) in all patients ( Fig. 2A) . There was no difference in patient OS between the post-bathing ΔCCVL/H, ΔCCVHF or systolic blood pressure increased and decreased groups (Fig. 2B, C, F) . The median OS of patients in the ΔCVRR increased group was 36 days (95% CI, 4-57) with a 1-month survival rate of 50.0%; for patients in the ΔCVRR decreased group, median OS was 17.5 days (95% CI, 4-31) with a 1-month survival rate of 20.0% (P = 0.1778, Fig. 2D ). The median OS of patients in the ΔHR increased group was 17.5 days (95% CI, 4-25) with a 1-month survival rate of 20.0%; in the ΔHR decreased group, median OS was 41 days (95% CI, 13-75) with a 1-month survival rate of 50.0% (P = 0.0212, Fig. 2E ). The ΔCVRR increased group tended to have a higher survival rate than the ΔCVRR decreased group. The survival rate in the ΔHR decreased group was superior to that of the ΔHR increased group. These variables were analyzed using multivariate analysis. ΔCVRR were the strongest variables retained in the model (P = 0.0312, Table 5 ).
Discussion
Physiological effects of mechanical bathing
In this study, heart rate tended to decrease after mechanical bathing. However, other than the heart rate, there were no significant differences found pre-and post-bathing in axillary body temperature, systolic blood pressure, diastolic blood pressure, CCVL/H (indicating sympathetic nervous activity), CCVHF (indicating parasympathetic nervous activity) or CVRR (indicating autonomic nervous activity). Previous studies on changes in autonomic nervous activity in elderly people before, during, and after bathing demonstrated a temporary increase in sympathetic nervous activity during bathing, followed by decline. People are often reported to return to their pre-bathing state after bathing, although the time duration of this recovery differs between young people and elderly people (17, 18) . This study's findings suggest that physiological parameters may return to regular levels without significant difference before and after mechanical bathing. However, these findings cannot be compared simply to the change in autonomic nervous activity reported in the previous study; in this study, the conditions of measurement were set to only within 30 min of bathing, and the bathing was performed in a supine or semi-seated position.
As described above, no significant change was observed in axillary body temperature, systolic blood pressure, diastolic blood pressure, CCVL/H, CCVHF or CVRR before and after mechanical bathing. However, because heart rate tended to decrease significantly, the findings suggest that mechanical bathing has a relaxing effect on the patient.
Psychological effects of mechanical bathing
Based on assessment using the STAI psychological index, state anxiety decreased significantly after mechanical bathing. Patient responses or observations by the nurse to indicate subjective information (such as "I feel comfortable" or "I feel pleasant") and objective information (such as 'I felt refreshed,' 'relaxed,' 'It was a pleasant care,' 'It made me smile,' and "Slept well") reflect that mechanical bathing led to psychological relaxation. Additionally, after mechanical bathing, patients mentioned feeling that 'pain was eased' (subjective information) and also that 'fatigue was alleviated' (objective information). Table 3B . Pre-bathing and post-bathing state anxiety, average ± standard deviation
Number of patients
Pre-bathing Post-bathing P value 16 47.7 ± 6.9 30.6 ± 4.9 P < 0.0001 The thermal effect of bathing has been reported to act as an analgesic to calm excitement of sensory nerves, and to facilitate expansion of peripheral blood vessels in the skin and promotion of increase in intramuscular blood volume, thereby leading to activation of internal organs (19) . Pain in the terminal stage of cancer often involves not only cancer-related pain, but a combination of somatic pain (such as from lying on a bed), muscle-tendon fascia pain, and joint contracture due to long time spent on a bed; the thermal effect of bathing is thus expected to also improve these secondary pains associated with cancer (20) . These facts suggest that mechanical bathing can lead to mitigation of physical suffering. Our analysis, however, yielded two interesting findings from the patient descriptions, including 'subjectively tired,' indicated by two patients as objective information, and 'feeling unwell,' indicated by one patient as objective information. Because some patients felt fatigue after bathing, it is necessary to consider further accommodative methods for mechanical bathing.
Safety of mechanical bathing for terminal cancer patients
Interestingly, among all patients, none felt discomfort, deterioration of their general condition or a sudden unfavorable change in their general condition during or after mechanical bathing. Although the physiological index showed that heart rate tended to decrease after mechanical bathing, none of the patients experienced significant changes such as decrease in blood pressure, rise in heart rate, or increase in body temperature. Analysis of the heart rate variability CCVL/H, coefficient of component variance for LF/HF; CCVHF, coefficient of component variance for HF; CI, confidence intervals, CVRR, coefficient of variation on R-R interval; HR, hazard ratio; HR, heart rate; OS, overall survival. spectrum in healthy subjects reported that sympathetic nervous activity increases and parasympathetic nervous activity decreases during bathing, and after bathing they return to their original, prebathing state (17, 18, 21) . However, these studies cannot be compared directly, because the study of healthy subjects did not involve bathing in a supine or semi-seated position, and because the samples differed, for example including healthy subjects versus cancer patients. However, these findings suggest that despite similar effects on autonomic nervous activity, there were no significant changes before and after mechanical bathing. To maintain the safety of mechanical bathing in Palliative Care Hospital of Kyoto Prefectural University of Medicine, the environmental variables, including the room temperature during bathing, the water temperature, and the bathing time, have been set according to previous experience. However, as is well known, the general condition of terminal cancer patients is likely to be unstable with respect to hemodynamics and autonomic nervous function. Moreover, the percentage of elderly people hospitalized in the palliative care ward is increasing. A few reports have studied the safety of bathing in elderly people, focusing particularly on the water temperature, and evaluated the effects of bathing on hemodynamics and autonomic nervous activity (22, 23) . These studies have reported that in elderly patients with heart disease, bathing may be a possible modifier to induce lethal arrhythmia. Accordingly, for terminal stage cancer patients with a short life expectancy and unstable circulation dynamics, further investigation is necessary to provide safe and comfortable mechanical bathing.
When reviewing the medical or nursing records for psychological indicators, we found that a patient provided 'I got it easily' as subjective information and 'I was able to take a bath comfortably' as objective information. These responses indicated that patients in this study experienced comfort through mechanical bathing. Taken together, the findings suggest that the method of bathing used in this study (including the opportunity to bathe in a supine or semi-seated position and to control room temperature, water temperature and bathing duration) is safe and pain-relieving for terminal stage cancer patients.
Effects of mechanical bathing on survival period and autonomic nervous response
There were no significant differences in ΔCCVL/H, ΔCCVHF or systolic blood pressure. With respect to ΔHR, the survival rate in the ΔHR decreased group was superior to that of the ΔHR increased group. The fact that heart rate decreased compared to before bathing, even when a load was applied after mechanical bathing, may suggest that after bathing the parasympathetic nervous system functions more effectively. Additionally, it suggests the possibility that the longer the survival period is, the more predominantly the parasympathetic nervous system works. McCrory et al. reported that a slow orthostatic HR recovery speed predicts mortality, and an attenuated orthostatic HR recovery might reflect dysregulation of the parasympathetic autonomic nervous system (24) . Our observation showed that the ΔHR increased group had a shorter survival time. This might reflect autonomic nervous system dysregulation. It has also been reported that ΔCVRR is inversely correlated with age, and that ΔCVRR increases as the autonomic nervous system functions normally (15) . In this study also, the higher survival rate of the ΔCVRR increased group suggested that the longer the survival period, the better the reactive autonomic nervous activity. As mentioned earlier, we believe it is necessary to provide care through mechanical bathing for terminal stage cancer patients, as they are likely to have worse general conditions according to their life expectancy, and their autonomic nerves may have unbalanced or poor recovery.
Limitations
The limitations of this study were that it included a relatively small number of participants and that the context was confined to a particular geographic location. This study is not a confirmatory trial, but a preliminary study to evaluate the safety and efficacy of mechanical bathing. Further investigation will be conducted in the future.
Conclusion
The study's findings suggest that mechanical bathing led to physiological and psychological relaxation in patients, and that the method of bathing used in this study is safe and pain-relieving for terminal stage cancer patients.
